
Introduction 
Since 2000, and especially during the �rst decade, the number of 
Ukrainian immigrants living in Portugal increased as much as 213%. 
In 2011, Ukrainian immigrants were the third biggest community of 
immigrants living in Portugal, constituting 9% (33 790 individuals) 
of the total immigrants recorded in the Portuguese 2011 Census [1]. 
Thus, the aim of this work was to characterize the Ukrainian 
community residing in Portugal for 16 autosomal STRs included in 
the NGM Select kit, to evaluate whether population structure could 
represent a concern in the forensic setting. Viewing that, population 
comparisons were further performed to evaluate how this sample of 
Ukrainians complied with the patterns of genetic diversity reported 
for other populations. 

Material/Methods 
Extraction: DNA was extracted from buccal cell swabs by the Chelex 
method [2].

Quanti�cation: DNA quanti�cation was achieved by real-time PCR 
using the Quanti�lerTM Human DNA Quanti�cation Kit (AB) and the 
ABI PRISM® Sequence Detection System (AB). 

PCR Ampli�cation: The extracted DNA was ampli�ed using the NGM 
Select Ampli�cation Kit (Applied Biosystem, Foster City, CA) 
according to the manufacturer's recommendations, in a GeneAmp 
9700 PCR system (Applied Biosystem, Foster City, CA). 

Electrophoresis: PCR products were analyzed by capillary 
electrophoresis in an Applied Biosystems 3500 Genetic analyzer 
(Foster City, CA). All samples were analyzed at least twice and only 
results doubly con�rmed were considered. 

Data analysis: Allele assignment and designation was carried out by 
comparison with reference sequenced ladders and was performed 
with the GeneMapper ID-X v1.4 analysis software. Arlequin software 
v.3.5.2.2 [3] was used to calculate allele frequencies, locus by locus 
population pairwise genetic distance (F ), expected heterozygosity ST

(He), observed heterozygosity (Ho) and to test departures from 
Hardy–Weinberg equilibrium. 

Power of Discrimination and Matching Probability were calculated 
using GenAlEx v6.503 software package [4]. Probability of Exclusion, 
combined probability of paternity exclusion, polymorphic 
information content and paternity index were obtained with Exel 
using the formulas described in the literature [5]. 

Average pairwise genetic distance (FST) over all loci was calculated 
with the Poptrew software [6] and submitted to Multidimensional 
Scaling Analysis using the R v3.3.2 software [7], and then the yielded 
coordinates were used to construct the corresponding graphs in 
Excel. 

Populations used: The sample studied consisted in a total of 72 
Ukrainian immigrants living in Portugal who gave informed consent 
to participate in the study under anonymized identi�cation. The 
number of individuals analyzed is relatively small, however it is 
representative of the total of Ukrainian immigrants living in 
Portugal, since the number of individuals corresponds to 0,32% of 
the total population of 10.6 million Portuguese [1]. 

For the comparative analysis, frequency data regarding the loci 
included in the NGM Select kit was recruited from the literature for 
samples from Portugal [8] and 15 additional worldwide populations 
namely Lithuania, Albania, Slovenia, Iraq, Turkey [9], Bosnia and 
Herzegovina, Germany [10], Netherlands [11], Spain [12], Denmark, 
Greenland [13], Kazakhstan [14] and Somalia [13] as well as from the 
AmaXhosa, a bantu-speaking group of South Africa [15], and the 
Han from the Fujian province of China [16].

Locus by locus F  comparisons for Ukraine with the other ST

populations were performed. The F  values and respective p vales, ST
2the matrix of F  and (δμ)  distances for all the populations and the ST

MDS graph for F  data were also obtained (data not shown). ST

Results and discussion 
Allele frequencies, heterozygosities and forensic statistic 
parameters for the 16 STR loci investigated in the Ukrainians living in 
Portugal are shown in Figure 1.
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Figure 1: Forensic and populational parameters obtained for a sample of Ukrainians living in Portugal (n=72) 
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No signi�cant deviations from the Hardy–Weinberg equilibrium 
were found, even for the locus D18S51 (p = 0.040), once after 
applying the Bonferroni´s correction for multiple testing (adjusted p 
= 0.0031) the associated p value lost statistical signi�cance. 

The He values for each locus were all high, ranging from 0.7458 in the 
D10S1248 locus to as much as 0.9478 in the SE33. Accordingly, the 
PIC values were also very elevated, usually ≥0.7, except the D16S539 
(0.65153), which was also one of the least heterozygous locus. The 
paternity index (PI) varied from 1.7 (not surprisingly at D10S1248) to 
9 (at SE33, as predictable), while the 16 STR  loci afforded a combined 

 paternity index of 1.1 ×10⁸ . The combined power of discrimination 
(PDc) and the combined probability of paternity exclusion (PEc) for 
all the loci are 0.999999999999999999998 and 0.999999992, 
respectively, illustrating the usefulness of this 16-STR multiplex for 
kinship analysis in the population sample scrutinized.

Here we present 5 additional STR loci (D10S1248, D22S1045, 
D2S441, D1S1656 and D12S391) from the European Standard Set 
STR (ESS), who were posteriorly added in 2009. These markers are 
designated of mini-STR, because of their amplicon size of 70-180 bp. 
They provide competitive ability when compared to SNPs or INDELs, 
for the analysis of degraded samples. The inclusion of these markers 
maximize the sensibility of degraded DNA analysis, improve the 
discrimination power and the quality of the results [17].

These �ve loci have not been described in the literature until know, 
and their inclusion in this study contributes signi�cantly to the 
observed high discrimination power. Two of these loci (D1S1656 
and D12S391) have high vales of He and PD, being the most 
informative loci, after SE33. These loci are, inclusively, more 
informative than the ones, previously described in the literature 
(D21S11, FGA, D18S51 and D2S1338), as very informative [18]. The 
loci previously described in the literature, as very informative, were 
also very informative in our analysis. The SE33 locus was already 
described in the literature [18]; however, we present also the allelic 
frequencies and forensic parameters of the Ukrainian sample for the 
SE33 locus, who is the most informative locus of this kit. 

The computed locus-by-locus F  distances involving the Ukrainians ST

living in Portugal and other populations, revealed the clear 
predominance of signi�cant differences between Ukrainians and 
population from regions far from Europe, like Greenland, Asia 
(Kazakhstan, China) and Africa (South Africa, Somalia). Distances of 
Ukrainians comparatively to Middle Eastern populations (from Iraq 
and Turkey) were higher than compared to European populations, 
but still none of them reached statistical signi�cance. The 
differentiation of Ukrainians relatively to other Europeans was very 
low and by large non-signi�cant, including comparatively to the 
Portuguese, a result that alleviates the concerns that detection of 
substructure could pose from the forensic perspective.

These �ndings translate the ability of the set of markers contained in 
NGM Select kit to discriminate sharply between continental 
populations, ability that, however, is overtly insufficient to 
discriminate between European populations, likely because overall 
Europe is characterized by high level of genetic homogeneity [19]. 
The Multidimensional Scaling graph based on the matrix of F  value ST

for a total of 16 populations (Fig 2), captured well this wide pattern. 
They exhibit the clear clustering of European populations apart 
from non-European ones, while also reveal that within Europe the 
distribution of population diversity is barely structured and only 
modestly related to geography. Previously, the correspondence 
between genetic and geographic distances in Europe was clearly 
observed in studies based on both dense number of loci and dense 
geographic sampling [19]. Thus, is quite understandable that the 
resolution afforded by the limited set of markers here studied was 
not enough to apprehend the broad structure of special variation of 
diversity among European populations.

Figure 2: Multidimensional scaling (MDS) graph for FST values 
obtained with the matrix of the genetic distance (for 15 of the 16 
markers) for the populations compared. 
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